The present review represented the advanced synthetic strategies for chromones annulated at the C(7)-C(8) bond with five-membered, six-membered, and seven-membered oxygen-containing heterocycles with two heteroatoms, such as 6H- [1, 3] 
Introduction
Angular hetarenochromones are of considerable interest because of their abundance in natural flavonoids and some alkaloids and promising biological activity [1] . Chromones annulated with oxygencontaining cycle occupy a significant place among them. These are first and foremost furo [2,3-h] chromones and pyrano [2,3- f]chromones. Their syntheses and biological activity have been highlited in reviews [1, 2] .
Chromone derivatives annulated with oxygencontaining ring with two heteroatoms, such as dioxolane and dioxane cycles, were also isolated from various natural sources. Their O,N-containing analogues remain unobserved among natural products. Chromones annulated with oxazole and oxazine cycles, namely 2-methylchromeno [7,8-d] [1, 3] оxazol-6-оne, chromeno [7,8-d] [1, 3] оxazol-2,6(3Н)dіоne, 4Н-chromeno [8,7-d] [1, 2] оxazol-4-оne and 3,4-dihydrochromeno[8,7-b] [1, 4] оxazin-7(2Н)-оne are described in the review [1] .
The present mini review is a continuation of the review [1] and is focused on the syntheses of chromones annulated at the C(7)-C (8) bond with five-membered, sixmembered, and seven-membered oxygencontaining heterocycles with two heteroatoms, such as 6H- [1, 3] dioxolo [4,5-h] chromen-6one, 2,3-dihydro-7H- [1, 4] dioxino [2,3- h]chromen-7-one, 3,4-dihydro-2H,8H- [1, 4] dioxepino [2,3-h] chromen-8-one, 2,3dihydro-1H,7H-chromeno [7,8-b] [1, 4] oxazin-7-one, 4H,12H-pyrano [2,3-a] phenoxazine-4one and 9,10-dihydro-4H,8H-chromeno [8,7- e] [1, 3] oxazin-4-one.
Chromones, annulated with heterocycles containing two oxygen atoms
This section is dedicated to the progress of chromones annulated with dioxolane, dioxane and dioxepane rings.
1.1. 6H- [1, 3] dioxolo [4,5-h] chromen-6-ones
The system with an annulated dioxolane cycle to the chromone nucleus at the C(7)-C (8) bond occurs in some natural flavonoids, such as granulosin 1a from the bark of Galipea granulosa [3, 4] , bausplendin 2a from Bauhinia shlendens [5] , maxima isoflavones A (3a) and D (3b) from aerial parts of Tephrosia maxima [6] [7] [8] Figure 1 . Natural 6H- [1, 3] dioxolo [4,5-h]chromen-6ones Two strategies were applied for the construction of the 6H- [1, 3] dioxolo [4,5- h]chromen-6-one system: the formation of the dioxolane cycle on the basis of 7,8dihydroxychromones and the annulation of the γ-pyron ring to benzodioxole derivatives.
The first one was realized in the synthesis of bausplendin 2a and its analogues 2b,c, which were synthesized from the corresponding 7,8-dihydroxyflavones by alkylation with diiodomethane [5] , dibromomethane [10] or methylene sulfate [11] in DMSO [5] , DMF [10] or acetone [11] in the presence of an inorganic base: Na2CO3 [5] , K2CO3 [11] or KF [10] [12, 13] and dibromomethane [8, 14, 15] in the presence of K2CO3. When heated in acetone or dioxane, the reaction was completed in 36 [12] and 15 hours [8] , respectively. When DMF [8, 14, 15] or its mixture with acetone [13] has been used as a solvent, the reaction time was reduced to 1,5-2 h and yield of target products was increased (Scheme 2). [12, 13] [8, 14, 15] ], or which on oxidation with I2 in DMSO gave 7,8-methylenedioxyflavones 13 [9, 17, 18] (Scheme 5). Finally, the flavone 13b was also prepared in 95% yield by simply heating chalcone 11b under reflux in DMSO containing a crystal of I2 [9] . isoflavones in the presence of silver oxide [23] [24] [25] or horsradish peroxidase [26] ( 
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TsCl, Py Scheme 13. The synthesis of 2,3-dihydro-7H- [1, 4] dioxino [2,3-h] chromen-7-ones starting from 3-hydroxymethyl-5-hydroxy-6-acetylbenzodioxane 1.3. 3, 4] As a substrate, natural flavones [35] , isoflavones [36, 37] , their synthetic analogues [37] [38] [39] and 3-hetaryl derivatives [40] were used. Primary aliphatic [36, 37] , aromatic [36] , heterocyclic amines [35] , amino acids [40] and their esters [39] , amino alcohols [41] and alkaloids [38] served as an amine component.
For the first time, the 45 system was obtained in 31% yield from 7-hydroxyflavone and 2-amino-4-phenylthiazole, when boiling in acetic acid with an excess of 40% formalin and paraform followed by ammonia treatment, after removal of the solvent [35] .
The reaction of isoflavones with amines was carried out by refluxing in propanol-2 in the presence of a catalytic amount of N,Ndimethylaminopyridine (DMAP). With aliphatic amines, as well as benzyl-or hetarylalkylamines and alkaloid lupine derivative, 9,10-dihydro-4H,8Hchromeno [8,7-e] [1, 3] oxazin-4-ones 45 are formed in 65-84% yields. In the case of aromatic amines, p-methoxyaniline formed the product 45 in a satisfactory yield, while the reaction with o-substituted anilines have not resulted in the desired polycyclic system [36] .
The reaction with amino acids and their esters was carried out in aqueousalcoholic solution without a catalyst with the excess (2 equiv.) of amino acid. While the interaction of isoflavones with amino acid esters runs smoothly and derivatives 45 [39] form in high yields, the reaction products of 7-hydroxy-3-hetarylchromones and amino acids depend on the type of heterocycle and amino acid [40] . 9,10-Dihydro-4H,8Hchromeno [8,7- [40] . In this case, the Mannich base 46 was isolated ( Figure 3) . The reaction with β-alanine is similar to the reaction with glycine, while proline did not participate in the reaction and bis (6- In the case of 3-azinylchromones, (3- pyridyl-and 3-quinolylchromones) complex mixtures of unidentifiable products were obtained [40] .
An attempt of receiving a linear system isomeric to 45 from 8-substituted-7hydroxychromones and glycine under above mentioned conditions [40] failed. 
